Abstract: The present study was performed with morphological and molecular analysis (cox1 and nad1 mitochondrial genes) to identify the proglottids of spirometrid tapeworm found in the stool of an African lion, Panthera leo, in the Serengeti plain of Tanzania. A strand of tapeworm strobila, about 75 cm in length, was obtained in the stool of a male African lion in the Serengeti National Park (34˚ 50' E, 02˚ 30' S), Tanzania, in February 2012. The morphological features of the adult worm examined exhibited 3 uterine coils with a bow tie appearance and adopted a diagonal direction in the second turn. The posterior uterine coils are larger than terminal uterine ball and the feature of uteri are swirling rather than spirally coiling. The sequence difference between the Spirometra species (Tanzania origin) and S. erinaceieuropaei (GenBank no. KJ599680) was 9.4% while those of S. decipiens (GenBank no. KJ599679) differed by 2.1% in the cox1 and nad1 genes. Phylogenetic tree topologies generated using the 2 analytic methods were identical and presented high level of confidence values for the 3 major branches of the 3 Spirometra species in the cox1 gene. The morphological and molecular findings obtained in this study were nearly coincided with those of S. ranarum. Therefore, we can know for the first time that the African lion, Panthera leo, is to the definitive host of this tapeworm.
Tapeworms in the genus Spirometra (Cestoda: Diphyllobothriidae) are mainly reside in the small intestines of cats and dogs. They are morphologically divided into 6 species, i.e., S. erinaceieuropaei (Rudolphi, 1819), S. decipiens (Diesing, 1850), S. ranarum (Gastaldi, 1854), S. mansoni (Cobbold, 1882) S. houghtoni (Syn. S. mansoni, Faust et al., 1929) and S. okumurai (Faust et al., 1929) by Faust et al. [1] . In the American continent, a total of 5 species, i.e., Spirometra species, S. decipiens, S. mansoni, S. gracilis (Baer, 1927) , S. longicollis (Parodi and Widakowich, 1917) and S. mansonoides (Mueller, 1935) , have been reported in the literatures [2, 3] . However, Kamo [4] acknowledged only 4 species, i.e., Spirometra species, S. erinaceieuropaei, S. pretoriensis (Baer, 1924) , S. theileri (1924) and S. mansonoides as valid species.
In African continent, domestic dogs and cats are to be known as the main definitive hosts of spirometrid tapeworms and some species of wild carnivores are also reported as the final hosts of Spirometra tapeworms [5] . A Spirometra species from African mammals was first described by Baer (1925) [6] . Egg positive rates of Spirometra sp. were reported in the stool examinations of hyenas in Kenya (74%) and Zambia (22%), and in lions in Tanzania (63%) and Zambia (87%) [7] [8] [9] [10] [11] . Plerocercoid larvae of Spirometra spp. (spargana) were detected in wild herbivores, i.e., antelope, buffalo, zebra, wildebeest and wart hogs, in Tanzania and Kenya [9] [10] [11] , and found in Baboons, vervets and other monkeys in East Africa [12, 13] . On the other hand, some infection cases with spirometrid tapeworms in lions were previously reported in Africa [9] [10] [11] [12] . Two valid species, S. theileri and S. pretoriensis, have been confirmed to infect lions as well as hyenas [6] . However, it is very obscure that what other species of Spirometra except for 2 species exist in the ecosystems of these tapeworms in Africa. Accordingly, it is needed to identify the larvae and adults of Spirometra spp. from various sources of animals, the second intermediate or In this study, a Spirometra species of Tanzania origin from lion was identified by molecular analysis of 2 complete mitochondrial genes, cytochrome c oxidase I (cox1) and NADH dehydrogenase subunit 1 (nad1), as well as by morphological observations of an adult tapeworm obtained from an African male lion.
One strobila of a Spirometra species was obtained in the stool of male African lion (Panthera leo) in Seronera (at a research station in the center of the Serengeti National Park, 34˚ 50' E, 02˚ 30' S), Tanzania, East of Africa in February 2012. The collected worm was fixed in 70% ethanol and some gravid proglottids were compressed between 2 glass slides prior to fixation in 10% neutral buffered formalin. Microscopic observations were then performed after carmine staining. The morphologic data were compared to those of Faust et al. [1] with emphasis on the vaginal opening, uterus, uterine pore, cirrus, genital pore, testes, and vitellaria of gravid proglottids.
Some of the proglottids in 70% ethanol were used for molecular studies. Protocols employed for total genomic DNA extraction and PCR reactions were those previously described by Jeon et al. [14] . The entire cox1 and nad1 genes were amplified by PCR. The complete sequence of the mitochondrial cox1 gene was amplified using primers Spi-CO1F: 5'-GAC TAA GTG TTT TCA AAA CAC TAA GTG -3'and Spi-CO1R: 5'CAC CCT ACC CCT GAT TTA CAA AAT-3', and for cycle sequencing of the PCR product one internal primer, Spi-Ci1R2: 5'-CCA ATA ATC ATG GTC ACA GAA C-3', was used in addition to the PCR primers to obtain the complete sequence. The complete sequence of the mitochondrial nad1 gene was amplified using primers Spi-ND1F: 5'-GGA GAA TAT TGG TTT GTC TAA CCA-3' and Spi-ND1R: 5'-CCT TCT TAA CGT TAA CAG CAT TAC GAT-3', which were designed from the complete sequences of S. erinaceieuropaei (KJ599680) and S. decipiens (KJ599679) mitochondrial genomes and used to amplifying the complete cox1 and nad1 genes, respectively.
The DNA sequences were assembled and aligned using the Geneious 9.0 program (Biometer, Auckland, New Zealand). These sequences were identified by comparison with sequences of S. erinaceieuropaei and S. decipiens in the GenBank database. Phylogenetic analysis was evaluated using Bayesian inference (BI) and maximum-likelihood (ML) using the complete mitochondrial cox1 (1,566 bp) and nad1 (891 bp) sequences of S. erinaceieuropaei (KJ599680), S. decipiens (KJ599679), and S. ranarum (MH298843, MH298844). The following complete mitochondrial cox1 sequences were used: S. erinaceieuropaei (KJ 599680), S. decipiens (KJ599679, LC328893-328901, LC213623, AB369249, AB374543), S. ranarum (AB369250-369251, MH2 98843), Diphyllobothrium latum (DQ985706) and D. nihonkaiense (EF420138). ML analyses of cox1 and nad1 used RAxML v. 7.3.1 [15] after GTR+G+I substitution model sampling was chosen according to the Modeltest using the program Partition Finder [16] . BI analyses were used in MrBayes 3.2 and running 4 simultaneous Monte Carlo Markov chains (MCMC) for 10 million generations and discarding the first 25% generation as burn-in every 1,000 generations [17] .
The strobila collected from the stool of a lion was 75 cm. The mature and gravid proglottids were 2.5× 12.0 mm in average size. The genital and vaginal pore were located ventrally on the midline in the anterior 1/3 of the segment. The uterine pore was situated on the midline behind the anterior margin of the terminal uterine ball and the terminal uterine ball measured 370 μm (n= 10) in diameter. The uterus consisted of 3 loops with a bow tie appearance and adopted a diagonal direction in the second turn. The testes measured 74 μm (n= 10) in diameter. The ovary was highly dendritic and connected to the uterus (Fig. 1) .
The similarity of cox1 sequences (1,566 bp) of the Spirometra species (Tanzania origin) was 99.7% to the reference sequences of Spirometra species (Myanmar origin, GenBank no. MH298843) which was identified as S. ranarum. The similarity to other Spirometra species was 97.9% (S. decipiens) and 90.6% (S. erinaceieuropaei). The similarity of the nad1 sequence (891 bp) of Spirometra species (Tanzania origin) to reference sequences was 97.9% (S. decipiens) and 90.6% (S. erinaceieuropaei). The cox1 sequence (1,566 bp) revealed 33 polymorphic sites, with 7 nonsynonymous and 26 synonymous substitutions, while the nad1 sequence (891 bp) showed 19 polymorphic sites, with 3 nonsynonymous and 16 synonymous substitutions between the samples of present study and S. decipiens (GenBank no. KJ599679) ( Table 1 ). The sequence difference between the Spirometra species (Tanzania origin) and S. erinaceieuropaei (GenBank no. KJ599680) was 9.4% while those of S. decipiens (GenBank no. KJ599679) differed by 2.1% in the cox1 gene. Phylogenetic tree topologies generated using the 2 analytic methods were identical and presented high level of confidence values for the 3 major branches of the 3 Spirometra species in the cox1 gene. Species of Spirometra were divided into 2 clades containing S. erinaceieuropaei and S. decipiens, and the S. decipiens sub-clades including S. decipiens and its sister species, S. ranarum (Fig. 2) . The cestode parasites of the African lion (Panthera leo) were reported to comprise Taenia regis, T. gonyamai, T. simbae, Echinococcus sp., and Spirometra species from free-ranging wild lions of Eastern Africa [10] . The Spirometra species was the most prevalent parasite with the highest number of eggs in feces followed by the taeniid species [11] . The Spirometra species in lion is S. theileri, whereas the species found in hyenas is commonly known as S. pretoriensis. However, both Spirometra species are found in lions because lions and hyenas prey on the same kind of wild herbivores such as antelope, buffalo, zebra and warthog.
In this study, some proglottids of spirometrid tapeworms obtained from the feces of lion was identified according to the methods of Faust et al. [1] and Graber [18] . The morphological features of our specimen were distinct from that of S. theileri and S. pretoriensis. The major differentiating features were the ratio of width and length of gravid proglottids and uterine morphology, with a few other features such as the uterus of S. theileri consisting of 4-7 complete turns, while that of S. proetoriensis consists of 2-3 coils [18] . The morphological characteristics of S. ranarum includes the width of gravid proglottids being larger than that of other Spirometra spp. including S. erinaceieuropaei, S. decipiens, S. theileri and S. pretoriensis. The size of the uterine ball is also larger than that of other Spirometra spp. Another major differentiating feature is that the uterus adopts a diagonal swirling formation rather than a spiral coil. These morphological characteristics of the Tanzania origin Spirometra specimen in this study are consistent with those of S. ranarum. The morphological characteristics of S. ranarum have been detailed by Faust et al. [1] as comprising 3-4½ uterine coils, of which the posterior 2 coils are broader and more dilated than the uterine terminal ball, highly dendritic ovaries, the testes and vitellaria are closely located to the lateral margins of the lower 2 coils of the outer uteri, the vaginal and male genital pores are located in the median plane a small distance anterior to the terminal uterine coil, and the eggs are similar in shape to those of S. decipiens [1] .
The literature to date indicates that molecular data of mitochondrial genes provides genetic variation for taxonomical distinction and species identification for morphologically similar parasites. Recently, molecular studies for Spirometra species were reported from many endemic areas in Asian, South American and African countries. The sequence variation of the mitochondrial cox1 gene of Spirometra species was 0.0-3.5% in China, Myanmar, Thailand and Lao PDR [19] . The nucleotide sequence variation in Spirometra spp. cox1 twas reported as being 2.6% from Japan, India and Indonesia [20] . This study has shown that sequence differences in the cox1 and nad1 genes between Spirometra species (Tanzania origin) and S. decipiens was 2.1%, while those of S. erinaceieuropaei were 9.4% (cox1) and 11.9% (nad1), whereas those of Myanmar and Japan origin were 0.2% (cox1). These results indicated that the molecular data of the Spirometra specimen (Tanzania origin) are consistent with those of S. ranarum (Myanmar origin, GenBank no. MH298843-298844).
To date the mitochondrial molecular data of Spirometra species has yet to be explained in terms of geographical distribution and human sparganosis. The findings of the present study demonstrated that Asian isolates of Spirometra species were found as S. ranarum in Myanmar, Korea and Japan by analysis of mitochondrial cox1 sequences. The sequence homologies in the cox1 gene was 99.8% between Spirometra species (Tanzania origin) and Asian isolates including China, Japan, Korea, Lao PDR, and Thailand. Thus, S. ranarum were found in China, Japan, Korea, Lao PDR and Thailand by mitochondrial cox1 sequences from GenBank database (Unpublished observation). Finally, the morphological features and molecular data of the Tanzania-origin Spirometra specimen examined coincided well with those of S. ranarum, which demonstrate the distribution of S. ranarum in Tanzania, East Africa. Therefore, we can know for the first time that the African lion, Panthera leo, is to the definitive host of this tapeworm. Further studies are needed to clarify taxonomy of the genus Spirometra including S. theileri and S. pretoriensis found in African continent.
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